Abstract. It is shown that the analytic properties of the temporal complex degree of coherence Y ( T ) in the complex time plane (T complex) impose a relationship between IY(T)~ and arg y (~) on the real time axis. This relationship involves, in general, the location of the zeros of the degree of coherence in the lower half of the complex T plane. I t is suggested that the analytic continuation of the temporal degree of coherence of many spectral distributions has no zeros at all in this half plane. The spectral profiles of such distributions could be uniquely determined from measurements of I y( T) I alone. This possibility is of interest in connection with Michelson's well-known method of visibility curves. It is also of interest in connection with the recently proposed correlation and coincidence techniques (employing square-law detection) for determining narrow spectral profiles, such as those found in the output from an optical maser.
hum of a light beam from measurements of the visibility of interference fringes. The fringe pattern is obtained by dividing the beam into two parts and by allowing the !KO partial beams to interfere, after a time delay T has been introduced between them.
In view of the intimate relation which exists between the visibility F(T) and the modulus of the complex degree of coherence y (~) (cf. equation (2) below) and in view of the recently discovered possibilities of determining ! y (~) ! by various techniques involving square-law detectors , Twiss and Little 1959 , Mandel 1958 , 1959 , Forrester 19617, Givens 1961 , Mandel and Wolf 1961 , Mandel 1963 ), Michelson's method is acquiring a new significance.$ The squaredetecting techniques just mentioned appear to be the only ones available at present for obtaining reliable information about the very narrow spectrum of the output from anoptical maser (Forrester 1961 , Gam0 1961 , Javan et al. 1961 , Mandel 1963 .
It is generally believed and it was in fact first explicitly asserted by Rayleigh (1892) that, except when the spectral profile is a priori known to be symmetric, the spectral energy distribution g ( . ) cannot be determined from measurements of the visibility " e Y(T) alone. The apparent reason for this is that U(T) is proportional to the Qddus of the Fourier transform of g(v) and so it does not determine the cosine and fie sine transforms separately. Thus a Fourier inversion appears to be impossible, '! Some restrictions of Forrester's method wzre recently noted by Smith and Williams (1962) .
d Some of these techniques determine IyI somewhat indirectly. The connection between the 5 E. Wolf unIessg(v) is known to be symmetric (in which case the sine transform is zero). It is believed that, in order to determine both the cosine and the sine transforms of an asymmetric spectrum, measurements of the location of the maxima of the fringe pattern are also needed since this location is related in a simple way to the argument of the Fourier transform of g(v) (cf. Born and Wolf 1959, p. 503-504) . Such positional measurements of the fringe pattern are, however, extremely difficult to carry out with radiation in the optical range of the electromagnetic spectrum and they appear to have no analogue at all in some of the techniques which employ square-law detectors.
It is the purpose of this paper to show that the above argument is not conclusiye because it fails to take into account the analytic properties of the Fourier transfom of the spectral energy density, and that there is a possibility of complete determination of spectral profiles from measurements of the visibility (or, what amounts to the same thing, from measurements of the modulus of the degree of coherence) alone, at least for a certain class of asymmetric spectral distributions.
The complex degree of coherence Y(T) and the spectral energy density g(v) a e related by the formula (cf. Born and Wolf 1959, p. 504) The regularity of y just noted implies a severe restriction on the argument 4 associated with any given iY(7)i. In fact, assuming that y obeys the Paley-Wiener condition (paley and Wiener 1934) and making use of the fact that y( -T ) = Y*(T) (reality of g), one can show that 4 must necessarily be of the form? t Strictly, there may be an additional additive term 27 da(7') = TP jo i2_72y1' on the right of (5), where ~((7') is a non-decreasing bounded function of T with a derivative that significance.
exists and vanishes for almost all T. This term is omitted here as it appears to have no physical icf. the analogous problem of phase shifts in scattering theory (Toll 1956, 5 4) ). Here pdenoting the Cauchy principal value at T' = 7 , vo is a non-negative constant and IU/(~) is the argument of the Blaschke factor ijl being a zero of Y ( T ) in the half plane IT. The summation in (5) extends over all the zeros of y in this half plane.
If follows from (5) and (6) that, if y has no zeros at all in the half plane II, the bowledge of (yl allows the determination of 4 = arg y up to an additive factor -2nVOT.
Fourier inversion of (1) then gives the spectral profile-fg(v-IQ).
The problem of determining whether in any particular case the complex degree of coherence has any zeros in the half plane IT cannot be solved from the knowledge of '~1 on the real axis T = T~. However, since the Fourier transform of y represents energy density it cannot be negative and so a severe restriction on the possible location of the complex zeros is implicit in the relation (1). It appears that complete information about the zeros cannot be obtained within the framework of optical coherence theory as developed up to the present time. It seems that some additional postulate, or some dormation about the microstructure of the fluctuating field-possibly the knowledge of the probability distribution governing the fluctuations in the light beam-is needed.
In this connection the striking similarity of the present problem to one occurring in the quantum theory of decay (Khalfin 1960) should be noted. (There is also an obvious analogy with the theory of minimal phase circuits (Bode 1945 , Solodovnikov 1960 , but this analogy is less direct.) In any case, since all the +U) in equation (5) are readily shown to be positive for all real values of T , the preceding analysis gives a lover bound for the permissible 'shifted' phase function +(T) +2mo.r, associated with
It is tempting to suggest that the complex degree of coherence of light emitted by ordinary sources has no zeros at all in the lower half plane IT, or at least in that part of it which would affect significantly the calculated value of g(v). There is, in fact, some evidence for such a conjecture. It is shown in the accompanying paper (Kano and Wolf 1962) that the complex degree of coherence of black-body radiation has no zeros at all in the half plane II, and has none on the real T axis either. Moreover, a preliminary examination of the measured phase curves relating to both symmetric and Wunetric lines published by Perrard (1928 Perrard ( , 1935 indicates in some (but not in all) mes the absence of zeros in that part of the complex T plane which would significantly affect calculation of the spectrum. It seems likely that, if for any particular spectral distribution the complex degree of coherence Y ( T ) has zeros in the half plane IT, these zeros will have a physical significance, the understanding of which would seem to be of considerable importance for the spectral analysis by interference, or by the newly proposed square-law detecting techniques referred to earlier. A study of coherence functions of various spectra is being undertaken in order to elucidate this question.
given lr(4l.
t According to the 'shift' theorem on Fourier transforms, the additive factor -2 a v o~ affects 'dY the 'absolute location' of the spectral energy curve, not its shape. The location could be fixed for example by measuring, in addition to IY(T)~, the mean frequency of the light.
